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Abstract 
Infrastructure maintenance is becoming increasingly important in Japan. Especially in Hokkaido, about 350 
conventional construction method road tunnels have been constructed over the past 40~50 years. In the next ten years, 
the number of these conventional construction method road tunnels are aging and suffering from damage, 
deterioration and environmental attack. Also, the number of deteriorating tunnels is predicted to increase significantly 
in the near future at an astonishing speed. Therefore, many conventional construction method road tunnels will come 
to its rehabilitation stage, and almost tunnel linings must be maintenance or repair. 
This research project will be developed to the efficient tunnel maintenance system and a quantitative criterion from 
pictures of tunnel lining concrete using the life cycle cost theory. Firstly, demand performance of tunnel linings in 
cold region are identified by the Analytic Hierarchy Process (AHP) model based on the weights and consistency 
indices (CI) using the tunnel user, tunnel inspection engineer’s and tunnel management engineer’s interview. 
Secondly, the outline of conventional construction method road tunnel management system is illustrated and defects 
and problems to be overcome are clarified. And, many type of cracks and detailed items for evaluation of tunnel 
linings were set up based on the aforementioned interview using the AHP procedure. The proposed criterion was 
employed for some actual conventional construction method read tunnels in order to investigate the applicability. The 
tunnel lining crack evaluation results by using the proposed criterion were generally correct to results of detailed 
inspection at site. However, the evaluation for exfoliation of concrete was not always corresponding to the detailed. 
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1. INTRODUCTION 
This research project will be developed to the efficient tunnel maintenance system and the quantitative 
criterion from pictures of tunnel lining concrete using the life cycle cost theory.  
Firstly, demand performance of tunnel linings in cold region are identified by the Analytic Hierarchy 
Process (AHP) model (Saaty 1980) based on the weights and consistency indices (CI) using the tunnel 
user, tunnel inspection engineer’s and tunnel management engineer’s interview. An artificial life and/or 
data mining procedures were the power of current data-processing functions of interesting knowledge 
rules from human senses (Fayyad, Piatetsky-Shapiro, Smyth and Uthurusamy 1996). And, we introduce 
data mining with a view to discuss applications of AHP. It will be able to make a priority of the optimal 
combination of the inspection methods to be applied and the demanded performance and condition of 
tunnel lining automatically on the system. 
Secondly, the outline of conventional construction method road tunnel management system is 
illustrated and defects and problems to be overcome are clarified. And, many type of cracks and detailed 
items for evaluation of tunnel linings were set up based on the aforementioned interview using the AHP 
procedure.  
Finally, numerical examples are worked out to demonstrate the usefulness of this AHP procedure for 
non-structural system identification. And, several suggestions are provided to realize the rational and 
economic maintenance program and to develop a practical asset management system. 
2. DEMAND PERFORMANCE OF TUNNEL LINING 
When many conventional construction method road tunnel linings come to its rehabilitation 
(maintenance and/or repair) stage, it is necessary to clarify the performance or the function demanded 
from the tunnel lining structure and each concrete material. The demand performances of the tunnel lining 
are classified as Figure 1 (JSCE 2002).Here, five demand performances or functions of the tunnel lining 
shows as follow; 1) Performance of safety, 2) Performance of utility, 3) Performance of third party 
influence, 4) Fine sight and spectacle, 5) Performance of endurance. 

㻰㼑㼙㼍㼚㼐㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑㻌㼛㼒㻌㼟㼠㼞㼡㼏㼠㼡㼞㼑
㻵㼚㼒㼘㼡㼑㼚㼏㼑㻌㼛㼒㻌㻲㼕㼚㼑㻌㼟㼕㼓㼔㼠㻌㼍㼚㼐㻌㼟㼜㼑㼏㼠㼍㼏㼘㼑
㻼㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑㻌㼛㼒㻌㼠㼔㼕㼞㼐㻌㼜㼍㼞㼠㼥㻌㼕㼚㼒㼘㼡㼑㼚㼏㼑
㻲㼕㼚㼑㻌㼟㼕㼓㼔㼠㻌㼍㼚㼐㻌㼟㼜㼑㼏㼠㼍㼏㼘㼑
㻵㼚㼒㼘㼡㼑㼚㼏㼑㻌㼛㼒㻌㻿㼍㼒㼑㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑
㻱㼚㼐㼡㼞㼍㼚㼏㼑㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑
㻼㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑㻌㼛㼒㻌㼠㼔㼕㼞㼐㻌㼜㼍㼞㼠㼥㻌㼕㼚㼒㼘㼡㼑㼚㼏㼑
㻵㼚㼒㼘㼡㼑㼚㼏㼑㻌㼛㼒㻌㼁㼟㼑㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑
㻿㼍㼒㼑㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑 㻻㼠㼔㼑㼞㼟㻌㼟㼍㼒㼑㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑
㼁㼟㼑㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑 㻵㼚㼒㼘㼡㼑㼚㼏㼑㻌㼛㼒㻌㻿㼍㼒㼑㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑
㻵㼚㼒㼘㼡㼑㼚㼏㼑㻌㼛㼒㻌㻲㼡㼚㼏㼠㼕㼛㼚㼍㼘㼕㼠㼥
㻸㼛㼍㼐㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑
Figure 1: Demand performances of tunnel lining 
When the conventional construction method road tunnel linings are investigated, the demand 
performance or function of tunnel lining should have be considered. But a lot of phenomena have been 
combined in the each tunnel linings; it is so difficult to the evaluation of the conventional construction 
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method road tunnel linings. And, in order to evaluate the degradation level of conventional construction 
method road tunnel linings, it is clear that correlation between demand performances or functions to 
damage of the tunnel lining. Here, six check damages or deteriorations of the tunnel lining shows as 
follow; 1) Crack, 2) Flaking off, 3) Water leak, 4) Joint and opening, 5) Faulty and Cave, 6) Efflorescence. 
In this paper, it will be developed to the efficient evaluation and the quantitative criterion for damages of 
tunnel lining concrete using the AHP. And, demand performance of tunnel linings in cold region are 
identified by The AHP based on the weights and CI using the tunnel user, tunnel inspection engineer’s 
and tunnel management engineer’s interview. 
3. ANALYTIC HIERARCHY PROCESS 
The Analytic Hierarchy Process AHP) model is a structured technique for helping people deal with 
complex decisions. Rather than prescribing a "correct" decision, the AHP helps people to determine one. 
Based on mathematics and human psychology, the AHP provides a comprehensive and rational 
framework for structuring a problem, for representing and quantifying its elements, for relating those 
elements to overall goals, and for evaluating alternative solutions. The AHP first decompose their 
decision problem into a hierarchy of more easily comprehended sub-problems, each of which can be 
analyzed independently. The AHP hierarchy is a structured means of describing the problem at hand. It 
consists of an overall goal, a group of options or alternatives for reaching the goal, and a group of factors 
or criteria that relate the alternatives to the goal. In most cases the criteria are further broken down into 
sub criteria, sub-sub criteria, and so on, in as many levels as the problem requires.  
 㻰㼑㼙㼍㼚㼐㻌㼜㼑㼞㼒㼛㼞㼙㼍㼚㼏㼑㻌㼛㼒㻌㼠㼡㼚㼚㼑㼘 㻔㻸㼑㼢㼑㼘㻌䠍㻕
㻿㼍㼒㼑 㼁㼠㼕㼘㼕㼠㼥 㼀㼔㼕㼞㼐㻌㼜㼍㼞㼠㼥㻌㼕㼚㼒㼘㼡㼑㼚㼏㼑 㻲㼕㼚㼑㻌㼟㼕㼓㼔㼠㻘㻌㼟㼜㼑㼏㼠㼍㼏㼘㼑 㻱㼚㼐㼡㼞㼍㼚㼏㼑 㻔㻸㼑㼢㼑㼘㻌㻞㻕
㻯㼞㼍㼏㼗 㻲㼘㼍㼗㼕㼚㼓㻌㼛㼒㼒 㼃㼍㼠㼑㼞㻌㼘㼑㼍㼗 㻶㼛㼕㼚㼠㻌㼍㼚㼐㻌㼛㼜㼑㼚㼕㼚㼓 㻯㼍㼢㼑 㻱㼒㼒㼘㼛㼞㼑㼟㼏㼑㼚㼏㼑 㻔㻸㼑㼢㼑㼘㻌㻟㻕
Figure 2:AHP hierarchy of demand performances and damages of tunnel lining 
The procedure of AHP can be summarized as; 1) the alternatives and the significant attributes are 
identified. In this paper, the relationship between demand performance of tunnel lining and damage or 
deterioration is considered. The hierarchy can be visualized as a diagram like the shown as Figure 2, with 
the goal at the top, the damages or deteriorations at the bottom, and the criteria filling up the demand 
performance of tunnel lining. 2) For each attribute, and each pair of alternatives, interviewers (decision 
makers) specify their preference (for example, whether the location of alternative "A" is preferred to that 
of "B") in the form of a fraction between Similarly WRExtremely important. 3) Based on the AHP 
procedure, the comparison matrix A can given as equation (1). Interviewers similarly indicate the relative 
significance of the attributes. 
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:),,1,( pjiaij  Element of comparison matrix A
4) Each comparison matrix of preferences is evaluated by using eigenvalues to check the consistency of 
the responses. Here. The consistency index (CI) can be given as equation (2). 
1..
max

 n
nIC O  (2) 
:maxO  Maximum eigenvalue of comparison matrix, :n  Number of evaluation items. 
This produces a consistency index where this value of under 0.10~0.15 means all preferences are 
internally consistent. And then, the AHP converts these evaluations to numerical values that can be 
processed and compared over the entire range of the problem. A numerical weight or priority is derived 
for each element of the hierarchy, allowing diverse and often incommensurable elements to be compared 
to one another in a rational and consistent way. The average of element of comparison matrix ig  and the 
weight iw can be given by the element of comparison matrix ipa .
ip
ipiii aaag 21   (3) 
¦  
p
iii
ggw
1 1
(4) 
In the final step of the process, numerical priorities (weight iw ) are derived for each of the decision 
alternatives. 
4. INTERVIEWS FOR TUNNEL USER, INSPECTION AND MANEGEMENT ENGINEER’S  
In order to use the AHP to help us acquire detailed knowledge of complex reality, we are executed the 
interviewers for the tunnel user, tunnel inspection engineer’s and tunnel management engineer’s. And, 
Table  is shown as the detail number of interviews. 
Table 1: Number of interviews 
 Tunnel user Inspection engineer’s Management engineer’s Total 
Number of interviews 50 60 76 186 
5. DEMAND PERFORMANCES OF TUNNEL LINING 
The Analytic Hierarchy Process (AHP) is adopted for the hunman preferences for the demand 
performance of the tunnel lining studied in this section. The calculated weight iw  diagrams of the 
demand performances for conventional construction method road tunnel lining can be visualized as a 
diagram like the one below (See Figure 3).In this diagram, tunnel users are structured as demand 
performance for tunnel lining, the performance of safety is the most important demand performance of 
tunnel lining and second important demand performance of tunnel lining is the performance of third party 
influence. 
6. DAMAGE OR DETERIORATION OF DEMAND PERFORMANCES 
In order to clarify the outline of conventional construction method road tunnel management system. 
Many type of cracks and detailed items for evaluation of tunnel linings were set up based on the 
aforementioned interview using the AHP procedure. Similarly, the calculated weight iw  diagrams of the 
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damage or deteriorations for the demand performances of the tunnel lining can be visualized as a diagram 
like the one below (See Figure 4(a)-(e)). 
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In this diagram of figure 4(a), tunnel users are structured as the damage or deterioration for the 
performance of safety, the flaking off, water leak, and opening and cave are similarly important to 
damage or deteriorations for the performances of safety. Next, tunnel inspection engineers are structured 
as the damage or deteriorations for the performances of safety, the crack is the most important damage or 
deterioration for the performances of the safety, and second important performance of safety is flaking off 
in tunnel lining. Finally, tunnel management engineer’s are structured as the damage or deteriorations for 
the performances of safety, the flaking off is the most important damage or deterioration for the 
performances of safety, and second important damage or deterioration for performance of safety is joint 
and opening in tunnel lining. In this diagram of figure 4(b), tunnel users are structured as the damage or 
deterioration for the performance of utility, the water leak is most important damage or deteriorations for 
the performance of utility, and second important damage or deterioration for performance of utility is 
flaking off in tunnel lining. Next, tunnel inspection engineers are structured as the damage or 
deteriorations for performance of utility, the water leak is the most important damage or deterioration for 
the performance of utility, and second important damage or deterioration for the performance of utility is 
flaking off in tunnel lining. 
7. CONCLUSIONS 
As a final remark, we like to mention that the advantage of using the Analytic Hierarchy Process 
(AHP) for the efficient tunnel maintenance system and the quantitative criterion from pictures of tunnel 
lining is fully exploited in the solution of the problem presented in this paper.Such an advantage will be 
more apparent when dealing with complicated hunman preferences for the demand performance and 
damage or deterioration for the tunnel lining, for which the interviews can be derived in a straightforward 
manner using the conventional approaches. 
The proposed criterion was employed for some actual conventional construction method read tunnels 
in order to investigate the applicability. The tunnel lining crack evaluation results by using the proposed 
criterion were generally correct to results of detailed inspection at site. However, the evaluation for 
exfoliation of concrete was not always corresponding to the detailed. 
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